In most tissues stimulation of the phosphatidylinositol turnover pathway causes release of inositol 1,4,5-trisphosphate [Ins(1,4,5)P3], which is subsequently metabolized to a wide range of inositol phosphate isomers deriving from both phosphorylation and dephosphorylation reactions. However, addition of noradrenaline to isolated intact neonatal-rat hearts generated only those inositol phosphates produced by dephosphorylation of Ins(1,4,5)P3. Products of the InsP3 kinase pathway were absent from the profiles, except after prolonged stimulation. In contrast, addition of noradrenaline to isolated cultured neonatal-rat cardiomyocytes caused the release of Ins(1,4,5)P3, which was metabolized by both phosphorylation and dephosphorylation pathways to yield a complex range of inositol phosphate isomers, as observed in many other cell types. These differences between the responses in intact tissues and in isolated cell preparations were not caused by the different conditions used for [3H]inositol labelling. Furthermore, results could not be explained by overgrowth of other cell types in the isolated cell preparations. Thus the results demonstrate that the isolation and culture of rat neonatal cardiomyocytes produces alterations in the nature of the phosphatidylinositol turnover pathway.
INTRODUCTION
It is now generally recognized that the turnover of inositol phospholipids is an important mechanism by which cells recognize and respond to external stimuli. The pathway mediates such divergent responses as mitogenesis, contraction and secretion [1] and appears to be present in all mammalian cell types. Phosphatidylinositol (Ptdlns) turnover is a complex signaltransduction mechanism involving the generation of at least two sigalling molecules, Ins [1, 4, 5] P3 and sn-1,2-diacylglycerol. Diacylglycerol activates the plasma-membrane-bound phospholipid-dependent Ca2l-dependent protein kinase C, and
Ins(1,4,5)P3 releases Ca2+ from specific intracellular stores. These two arms of the pathway act in concert to initiate and sustain the observed cellular responses [2] . Both diacylglycerol and Ins (1, 4, 5) P3 are rapidly metabolized within the cell. For Ins (1, 4, 5) P3, metabolism is complex, involving both dephosphorylation via Ins(1,4)P2 to Ins4P and phosphosphorylation to Ins (1, 3, 4, 5) P4, this latter compound being eventually degraded to InsIP and Ins3P [3] . The full significance of this complex metabolism is not yet clear, but Ins(1,3,4,5)P4 itself appears to have a role in maintaining intracellular Ca2+ stores via entry of intracellular Ca2+ in a number of different cell types [1, 4] .
Ins (1, 3, 4, 5) P4 is also the starting point for metabolic pathways generating other isomers of InsP4 as well as higher inositol phosphates [3] . The generation of this compound thus may be important in determining cellular responses. Although quantitative differences in the profiles of inositol phosphates are observed in different tissues, the essential pattern of inositol phosphate metabolism appears to hold for most cell types. In adult heart tissue Ptdlns turnover is stimulated by aadrenergic agonists, cholinergic agonists, endothelin and histamine [5] [6] [7] [8] . Although the importance of Ptdlns turnover in heart tissue is still to be established, it is likely to be involved in mediating some of the responses to stimulation of these receptors, including inotropic responses and cellular hypertrophy [9, 10] . However, a number of features of the pathway in heart remain controversial. For instance, the role of protein kinase C in initiating contractile events is debated. Addition of exogenous diacylglycerols or other stimulators of protein kinase C has been variously reported to produce positive [11] or negative [12] inotropic effects, depending on the preparation used and the time of stimulation [13] . The role of Ins(l,4,5)P3 also is controversial, and Ins(1,4,5)P3 has been reported to be both active [14] and inactive [15] and weak [16] in releasing Ca2`from cardiac sarcoplasmic reticulum. In addition, the nature of the Ptdlns turnover pathway itself has been the subject of debate. In 1987, we reported the absence of detectable levels of Ins(1,3,4,5)P4 and its dephosphorylation products in intact perfused adult rat heart stimulated with noradrenaline [17] . Since that time we have reported similar findings in isolated rat right and left atria [7] , and others have reported similar findings in guinea-pig atria [8] . The absence of Ins(1,3,4,5)P4 and its metabolites in heart may explain the relative ineffectiveness of Ins(1,4,5)P3 in releasing Ca2+ from intracellular stores [16] and the lack of increase in Ca2+ after addition of endothelin [18] , which stimulates Ptdlns turnover in heart [7] . However, in contrast with our findings, a number of reports have claimed to detect comparatively high concentrations of products of the Ins(1,4,5)P3 kinase pathway in heart tissue [19] [20] [21] . Some of these observations were made with isolated neonatal cardiomyocyte preparations [19] .
Any differences in the Ptdlns turnover pathway between neonatal myocytes and adult intact tissue might reflect the different developmental stage of the animal and the degree of differentiation of the cardiomyocytes. Alternatively, cell isolation and culture may induce changes in the nature of the pathway. To investigate these possibilities, studies were performed to examine the profile of inositol phosphate release in intact neonatal hearts and in isolated neonatal cardiomyocytes when both are stimulated with noradrenaline.
MATERIALS AND METHODS Inositol phosphate generation in neonatal myocytes
Cardiomyocytes were prepared from 1-2-day-old rats by methods described previously [22] . This involved an initial preplating step to remove fibroblasts from the preparation. In 
Analysis of inositol phosphates
For quantification of total inositol phosphates, samples were loaded on to 1 ml columns of Dowex-1 anion-exchange resin (formate form). Inositol phosphates were eluted with ammonium formate as described previously [23] .
Analysis of the isomers of the inositol phosphates was carried out by using anion-exchange h.p. Experiments were performed to examine the nature of the Ptdlns turnover pathway in noradrenaline-stimulated neonatal rat hearts. Neonatal-rat hearts were labelled with [3H]inositol and subsequently stimulated with noradrenaline (0.1 mM) in the presence of propranolol (1 /SM) and LiCl (10 The time course of the accumulation of these different isomers is shown in Fig. 2 showed a transient increase. This was followed by increases in its breakdown products Ins(1,3,4)P3 and Ins3P or InslP (Fig. 4 ). These data demonstrate that in isolated neonatal-rat cardiomyocytes metabolism of the generated Ins(1,4,5)P3 occurs via both phosphorylation and dephosphorylation pathways. These profiles are similar to those reported by us and by others in a range of different cell types [3, 23] . Total of a small number of fibroblasts contributing to the observed inositol phosphate response is possible. To examine the contribution of other cell types, 4-day-isolated myocytes were stimulated with a range of different agonists and the total inositol phosphate response was determined. Results are shown in Table  1 . Stimulatoin of inositol phosphate accumulation was observed only with noradrenaline and endothelin, both of which are known activators of cardiac Ptdlns turnover. Vasopressin, fibroblast growth factor and bombesin were ineffective. These factors activate vascular smooth-muscle cells or fibroblasts [29, 30] . Thus neither of these cell types appears to make a significant contribution to the observed inositol phosphate response.
DISCUSSION
The experiments reported here show that the profile of inositol phosphates generated in neonatal-rat hearts stimulated with noradrenaline is different from the reponse observed in isolated neonatal cardiomyocytes in culture. Inositol phosphate profiles in intact tissue were unusual in that only a small number of inositol phosphates were observed. The cultured cardiomyocyte, on the other hand, contained a large number of different inositol phosphates, and the profiles obtained were similar to immediatedly followed by increases in all of its metabolic products [23] .
The pathway in intact neonatal hearts was similar to that reported previously by us in adult heart [17] , except for the generation of a small amount of Ins (1, 3, 4) ( 1 ,3,4) P3 was observed in noradrenalinestimulated adult heart [17] , even in the presence of LiCl, which inhibits its breakdown [25, 26] . Thus, although the pathway in neonatal tissue is similar to that observed in adult tissue, a small vestige of the Ins(1,4,5)P3 kinase pathway remains. This is probably a feature of the incomplete differentiation of these cells compared with the adult tissue. The pathways of inositol phosphate metabolism appear to be similar in a number of different heart preparations, isolated perfused rat heart [16, 27, 28] , isolated guinea-pig atria [8] , isolated right and left atria [7] and isolated neonatal-rat heart. This demonstrates that the absence of products of the Ins (1,4,5 [20, 21] .
One of these studies used an acidic chloroform/methanol extraction, which produces artifacts which chromatograph with ATP [31] . Co-chromatography with ATP was used by these workers to identify Ins( 1,3,4)P3, and it is possible that the material identified as Ins (1, 3, 4) P3 in those studies is actually methyl-phosphoryl-inositol 1,4,5-trisphosphate [31] . The other study claimed to detect Ins(1,3,4)P3 but not Ins(1,3,4,5)P4, and used a HC104-extraction procedure [21] . In our hands, HC04
can also cause artifacts in the preparation of heart extracts which require prolonged exposure to the acid. Trichloroacetic acid extraction does not generate unidentified compounds over the extended extraction times used in our studies. Unfortunately, the chromatographic procedures used in these two studies [20, 21] did not separate the isomers of inositol monophosphate, and so it is not possible to evaluate the relative contributions of the phosphorylation and dephosphorylation pathways. Thus it is possible thatextraction procedures together with chromatographic differences explain the different reports concerning the presence of InsP3 kinase products in intact heart tissue. Alternatively, if the heart can redevelop the InsP3 kinase pathway when cells are isolated, then it is also possible that the heart in situ can, under some conditions, also regain this part of the pathway.
Ins(1,3,4,5)P4 has a role in controlling the influx and distribution of Ca21 in a number of different cell types [1] , and the absence of this pathway might be expected to influence Ca2+ handling. Absence of the Ins(1,4,5)P3 kinase pathway has been reported in a number of other cell types, including BC3H-1 muscle cells [32] . This at maximum. This may mean that equilibrium has not been reached, and therefore some change in specific radioactivity of the inositol phosphates may occur during stimulation. This is clearly a problem if the level of radioactivity is to be related to absolute mass of the compound. However, even when cells have been labelled for an extended period, the label in the inositol phosphates does not relate well to absolute mass measurements [37, 38] . In any case, change in specific radioactivity cannot readily explain the lack of appearance of products of the Ins (1,4,5 
